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STORAGE CONTROL APPARATUS,
CONTROL METHOD, AND COMPUTER
PRODUCT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2013-
187754, filed on Sep. 10, 2013, the entire contents of which
are incorporated herein by reference.

FIELD

The embodiments discussed herein are related to a storage
control apparatus, a control method, and a computer prod-
uct.

BACKGROUND

Storage for a virtual environment, i.e., a so-called virtual
storage apparatus has been present as a storage system
capable of realizing a memory device having free volume
configuration and storage capacity without being restricted
by volume configuration and storage capacity of a physical
memory device. The virtual storage apparatus has within the
apparatus a real storage apparatus controlling access to a
physical memory device and creates a virtual volume with a
processor managing the real storage apparatus.

The virtual storage apparatus performs data access
through wide striping, for example. Wide striping is a
technique of distributing data access of one volume to
multiple logical unit numbers (LLUNs) such that access is
performed in units called strips having a fixed length.

As the memory capacity required for the virtual storage
apparatus increases, the entire memory area of the virtual
storage apparatus may be expanded. A method of expanding
the entire memory area of the virtual storage apparatus may
be, for example, addition of an expansion set that is a set
including a processor that manages a real storage apparatus
and the real storage apparatus.

To enable a fallback at the occurrence of a failure such as
a failure of a processor in a virtual storage apparatus, the
processors and the real storage apparatuses in the virtual
storage apparatus may be connected in full mesh via a
switch. If a switch is added in association with addition of
an expansion set to the virtual storage apparatus, the
switches are cascade-connected to realize full mesh connec-
tion of the processors and the real storage apparatuses.

Related technologies include, for example, a technique of
forming groups of multiple disks to assign respective
memory areas from multiple groups to virtual volumes and
rearranging the memory areas of the groups used by the
virtual volumes based on an external operation. Another
related technology is a storage system having multiple
switch ports and configured to include a switch such that if
a data frame is input to a certain switch port, the switch
outputs the data frame to a switch port leading to a connec-
tion port having the address specified by the data frame. For
examples of such technologies, refer to Japanese Laid-Open
Patent Publication Nos. 2008-234158 and 2003-330762.

Nonetheless, the conventional techniques have a problem
in that, at the time of access of data distributed and arranged
in multiple real storage apparatuses in a system, communi-
cation traffic increases on a route of cascade connection
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2

between switches, resulting in deterioration in access per-
formance to the real storage apparatuses.

SUMMARY

According to an aspect of an embodiment, a storage
control apparatus includes a memory unit configured to store
assignment information that includes assignment states of
memory areas of storage units in a system in which switches
that connect the storage units with storage control appara-
tuses that control the storage units are cascade-connected to
each other; and a control unit configured to group the storage
control apparatuses and the storage units directly connected
to the switches, and to provide based on the assignment
information, rearrangement control of memory areas
assigned in the storage units belonging to each group.

The object and advantages of the invention will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the inven-
tion.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an explanatory view of an example of a control
method according to an embodiment;

FIG. 2 is a block diagram of an example of a hardware
configuration of a PU #1, etc.;

FIG. 3 is a block diagram of an example of a functional
configuration of the PU #1;

FIG. 4 is a flowchart of an example of a storage control
process procedure of the PU #1;

FIG. 5 is an explanatory view of a basic configuration
example of a storage system 100 according to an example;

FIG. 6 is an explanatory view of a configuration example
of a VDISK;

FIG. 7 is an explanatory view of a functional configura-
tion example of a PU according to the example;

FIG. 8 is an explanatory view of an example of the
contents of a SW group management table 700;

FIG. 9 is an explanatory view of an update example of the
SW group management table 700;

FIG. 10 is an explanatory view of an example of the
contents of a volume index table 1000;

FIG. 11 is an explanatory view of an example of the
contents of a mirror volume index table 1100,

FIG. 12 is an explanatory view of an example of the
contents of a volume segment table 1200;

FIG. 13 is an explanatory view (part one) of an example
of the contents of a rearrangement plan table 720;

FIG. 14 is an explanatory view (part two) of an example
of the contents of the rearrangement plan table 720;

FIG. 15 is an explanatory view of an example of a volume
rearrangement plan;

FIG. 16 is an explanatory view (part one) of a rearrange-
ment example of volumes;

FIG. 17 is an explanatory view of an arrangement
example of volumes;

FIG. 18 is an explanatory view of an update example of
the volume index table 1000,

FIG. 19 is an explanatory view of an update example of
the rearrangement plan table 720;

FIG. 20 is an explanatory view (part two) of a rearrange-
ment example of volumes;
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FIGS. 21 and 22 are explanatory views of an example of
data rearrangement at the time of addition of SUs;

FIGS. 23 and 24 are sequence diagrams of an example of
a node expansion process procedure of the storage system
100;

FIGS. 25, 26, 27, and 28 are sequence diagrams of an
example of a rearrangement process procedure of the storage
system 100;

FIG. 29 is a sequence diagram of an example of a first
rearrangement stop process procedure of the storage system
100;

FIG. 30 is a sequence diagram of an example of a second
rearrangement stop process procedure of the storage system
100;

FIG. 31 is a sequence diagram of an example of a
rearrangement suspension process procedure of the storage
system 100; and

FIG. 32 is a sequence diagram of an example of a
rearrangement resumption process procedure of the storage
system 100.

DESCRIPTION OF EMBODIMENTS

Embodiments of a storage control apparatus, a control
method, and a computer product according to the present
invention will be described with reference to the drawings.
In the description, a storage control apparatus, a storage unit,
and a switch may be referred to as a “PU (Processor Unit)”,
an “SU (storage unit)”, and an “SW (switch)”, respectively.

FIG. 1 is an explanatory view of an example of a control
method according to an embodiment. In (A) of FIG. 1, a
storage system 100 includes PUs #1 to #4, SUs #1 to #3, and
SWs #1, #2. The PU #1 acts as a master control unit
managing the other PUs (e.g., the PUs #2 to #4) in the
storage system 100 to control the entire system. The PU #1
has a function of expanding the entire memory capacity of
the storage system 100 by putting an SU into a usable state
when the SU is added to the storage system 100.

The PUs #1 to #4 are computers controlling the SUs #1 to
#3 under control thereof. The PUs #1 to #4 accept access to
the SUs #1 to #3 under control thereof. When an added SU
is connected and becomes accessible, the PUs #1 to #4
manage the SU as an SU under control thereof.

The SUs #1 to #3 are computers having respective stor-
ages (hereinafter referred to as “STs”) and controlling access
to the respective STs. Each of the STs includes one or more
memory devices D. The memory device D may be, for
example, a physical memory device such as a hard disk, an
optical disk, flash memory, and a magnetic tape or may be
a LUN that is a logical memory device.

The SWs #1, #2 are computers having a switching func-
tion. The SWs #1, #2 select a route (port) corresponding to
a destination of received data to relay the data. In the storage
system 100, the PUs #1 to #4 and the SUs #1 to #3 are
connected in full mesh via the redundant SWs #1, #2 (see
(A) of FIG. 1).

This enables all the PUs in the storage system 100 to
access all the SUs and enables a fallback at the occurrence
of a failure such as a failure of a PU. The fallback is to
continue operation with performance or functions partially
suspended when a failure occurs in a system.

The storage system 100 performs data access through
wide striping, for example. The wide striping can suppress
performance deterioration due to access concentration and
secure stable performance without complicated performance
design in consideration of the volume of access from a
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4

higher-level apparatus such as a server to the storage system
100 and the physical position of a volume.

As the memory capacity required for the storage system
100 increases, the storage system 100 can be expanded in the
overall memory area of the storage system 100. For
example, in the storage system 100, the overall memory area
of the storage system 100 can be expanded by using a PU
and an SU as a set.

In the following description, addition of an expansion set
defined as a set of a PU and an SU to the storage system 100
may be referred to as “scale-out” and a pair of a PU and an
SU may be referred to as a “node”. However, in a basic
configuration, it is assumed that the storage system 100 has
two PUs connected to one SU for redundancy. Therefore, in
the example of FIG. 1, the PU #1, #2 and the SU #1 make
up one node (basic node).

Date stored after the scale-out may be stored in multiple
SUs through the wide striping and the access performance of
the multiple SUs can be expected. On the other hand, the
number of ports included in each of the SWs is limited and
the numbers of PUs and SUs connectable to each of the SWs
have a limit. Therefore, if the SW ports run short in the
storage system 100 due to repeated scale-out, an SW is
added.

By way of example, it is assumed that an SW has 24 ports
as defined in specification. Although two lines are depicted
as routes connecting an SU and SWs in FIG. 1, it is assumed
that an SU and an SW are physically connected through two
cables. In this case, as the scale-out is progressively per-
formed from the state depicted in (A) of FIG. 1, the ports of
the SWs #1, #2 run short from a seven-node configuration
and therefore, the SWs #3, #4 are added.

In this case, the SWs are cascade-connected in the storage
system 100 to realize the full mesh connection of the PUs
and the SUs. Cascade connection is to connect multiple SWs
in series so that more devices (such as PUs and SUs) can be
connected. In the example of (B) in FIG. 1, the SWs #1 and
#3 are cascade-connected and the SWs #2 and #4 are
cascade-connected. The two SWs #1, #2 are prepared for
redundancy and the SWs #1 and #2 are not cascade-con-
nected. The same applies to SWs #3, #4.

In this case, the access performance with respect to data
stored before scale-out remains as the performance of the
SUs before scale-out. It is not desirable that the access
performances to data stored before and after scale-out are
unbalanced, in terms of management of the performance of
the storage system 100.

Therefore, to achieve optimization of the access perfor-
mance with respect to data, it is contemplated to rearrange
data among SUs at the time of scale-out depending on a
degree of bias of data generated among the SUs of the
storage system 100. However, if the data rearrangement is
performed at the time of scale-out, data stored in existing
SUs (e.g., the SUs #1 to #6) are distributed and arranged in
an added SU (e.g., the SU #7).

In this arrangement state, for example, if data access is
performed from the PU #1, data distributed to the SUs #1 to
#7 must be accessed. However, to access the data on the SU
#7, the route of cascade connection between SWs must be
used. Since the bandwidth of this route is the same as the
bandwidth of the route connecting a PU and an SU, if
incoming/outgoing data transfer between SWs increases, the
access performance to SUs deteriorates and optimization of
access performance cannot be expected from distributed
arrangement of data.

Therefore, in this embodiment, the PU #1 groups PUs and
SUs directly connected to each SW and provides data
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rearrangement control in SUs belonging to each group
(hereinafter referred to as a “switch group G”). In this case,
the PU #1 controls path configuration such that an access
route in the case of connection from a server etc., goes
through a PU in the switch group G in which data is stored.

For example, in the example depicted in (B) of FIG. 1, the
PU #1 groups the PUs #1 to #7 and the SUs #1 to #6 directly
connected to the SW #1 (SW #2) as a switch group G1. The
PU #1 groups the PU #8 and the SU #7 directly connected
to the SW #3 (SW #4) as a switch group G2.

For the switch group G1, the PU #1 provides the data
rearrangement control for the SUs #1 to #6 belonging to the
switch group G1. For the switch group G2 the PU #1
provides the data rearrangement control for the SU #7
belonging to the switch group G2.

As a result, even if SWs are cascade-connected in asso-
ciation with the scale-out of the storage system 100, the
cascade route between the SWs is no longer used at the time
of data access and the access performance at the time of data
access can be prevented from deteriorating.

The cascade connection of SWs can increase the avail-
ability of the storage system 100. For example, when the PU
#8 is added, the PU #8 is included in a cluster of the existing
PUs #1 to #7 to manage the PU #8 as a constituent element
of the same cluster so that only the PU #1 can be defined as
the master control unit managing the cluster.

For example, when an abnormality occurs in the PU #8,
failover of the volume assigned to the PU #8 can be
performed by another PU (e.g., the PUs #1 to #7). The
failover is a function that, for example, if an abnormality
occurs in a certain PU, another PU takes over a process and
data in place of the abnormal PU.

For example, if a PU abnormality in the switch group G1
results in a situation in which access performance cannot be
maintained or alternate PUs run out, the frame of the switch
group G can be removed to utilize the PU #8 and the SU #7
in the switch group G2.

An example of a hardware configuration of the computers
(herein, simply “PU #1, etc.”) of the PUs #1 to #8, the SUs
#1 to #7, and the SWs #1 to #4 depicted in FIG. 1 will be
described.

FIG. 2 is a block diagram of an example of a hardware
configuration of the PU #1, etc. In FIG. 2, PU #1, etc.
includes a central processing unit (CPU) 201, memory 202,
and an interface (I/F) 203, respectively connected by a bus
210.

The CPU 201 governs overall control of the PU #1, etc.
The memory 202 includes, for example, read-only memory
(ROM), random access memory (RAM), and flash ROM.
More specifically, for example, the flash ROM stores pro-
grams such as an operating system (OS) and firmware; the
ROM stores application programs; and the RAM is used as
a work area of the CPU 201. Processes are executed by the
CPU 201 by loading the programs stored in the memory 202
onto the CPU 201.

The I/F 203 controls the input and output of data with
respect to other computers. The I/F 203 is connected to a
network such as a local area network (LAN), a wide area
network (WAN), and the Internet, via a communication line;
and is connected to other computers through the network.
The I/F 203 administers an internal interface with the
network and controls the input and output of data with
respect to other computers.

Description will be made of a functional configuration
example of the PU #1 that is the master control unit in the
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storage system 100. In the storage system 100, if the PU #1
goes down, another PU (e.g., the PUs #2 to #8) takes over
the function of the PU #1.

FIG. 3 is a block diagram of an example of a functional
configuration of the PU #1. In FIG. 3, the PU #1 includes a
memory unit 301, a classifying unit 302, a calculating unit
303, a determining unit 304, a creating unit 305, and a
rearrangement control unit 306. For example, the functions
of the classifying unit 302 to the rearrangement control unit
306 are implemented by causing the CPU 201 to execute
programs stored in the memory 202 depicted in FIG. 2 or by
the I/F 203. The process results of the functional units are
stored in the memory 202, for example.

The memory unit 301 stores assignment information
including assignment states of memory areas of SUs in the
storage system 100. For example, the assignment informa-
tion is information that indicates to which memory device D
in an SU, a volume created on a PU in the storage system
100 is assigned to.

In storage system 100, memory is managed in units of
memory areas called volumes. For example, a volume may
be a logical vol